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Discussion
In earlier contributions (for instance [1]), it has been proposed to use an approach of separate coding of the scheduling information for each individual scheduled UE combining the CRC with a UE specific masking. Based on our investigations, we have found that there might be some issues related to the probability of a “false positive” when a UE is estimating the allocation information on the shared control channel in downlink. 
1 Introduction

For the shared control channel, it has been proposed to use a error protection scheme, which is similar to the one used for the HS-SCCH, where the allocation information is protected by a 16 bit CRC, which is bit-masked with the UE ID (also 16 bits). A false positive acceptance of resource allocation information will occur whenever a UE erroneously accepts a resource allocation. In the following, the problem is described, and the consequences are shortly listed.
2 Identification of the problem

To illustrate the problem of the “false positive” indication, let’s assume that we have a very weak signal on the shared control channel (causing the bit error probability of each received bit to be 0.5). This will happen when applying power control or power balancing to the shared control channel, and addressing a user close to the Node B, while having more distant users also listening for the same allocation information. Following this assumption of pe=0.5, the probability of accepting a resource scheduling information that is not intended for a given UE can be written as:
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, where k is the number of CRC bits (in this case 16).

Now, as the UE will be listening for a number of different resource assignments (m), and that we will have n UEs listening for the resource allocations, the probability that a UE will erroneously accept a resource allocation as correct will become:
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, where m in a typical scenario might be 10, and n could have a value in the order of 100 (meaning that we have 100 users actively listening for their resource allocations).

With the indicated values, we have a false positive probability of 1.5%, meaning that in 15 out of 1000 cases we will have a resource allocation erroneously accepted as designated for this given UE.

It should be noted that the control channel structure for the HS-SCCH is different, in the way that the UE ID is used twice; first for UE specific scrambling of the first part of the information, while it is used for the masking of the CRC in the secondary part of the HS-SCCH. This will provide an extra layer of protection against a false positive (and then there are in general fewer UEs listening for a reduced number of HS-SCCH).
3 Consequences of the problem
As we see this, the false positives will cause two base problems:

1. Related to the downlink transmission, we will have multiple UEs listening for data on the same physical resource. One of these would receive the data correctly and the other will (using erroneous demodulation and detection parameters due to the false positive) detect the packet erroneously. Now, unless the resources for uplink H-ARQ control signalling are explicitly allocated, we might experience a collision on the uplink control channels.

2. Related to the uplink allocations, the potential consequences might be even worse, as in this case, each scheduled UE will use its allocated resources. If a UE erroneously assumes that a resource allocation is intended for it, there is a high risk of collisions of the uplink shared data channel, which in turn would cause a reduced system throughput

4 Conclusions

Based on the above discussions, we suggest that the LTE of 3GPP can take one of the following directions:

1. If the resource scheduling is based on complete separate coding, the fields containing the UE ID and the CRC should be enlarged to reduce the false positive error probability.

2. Use some kind of joint coding followed by a common CRC, while separating the UE ID from the CRC – this will have the same effects as effectively increasing the total overhead to reduce the false positive probability.
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